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ABSTRACT 
Objective  
To investigate the effect of familial risk for dementia on verbal learning by comparing 
cognitively healthy twins who had demented co-twins with cognitively healthy twins who 
had cognitively healthy co-twins. 
Methods 
4,367 twins aged ≥65 years including 1,375 twin pairs (533 monozygotic (MZ), 823 
dizygotic (DZ) and 19 unknown zygosity pairs) from a population-based Finnish Twin 
Cohort participated in a telephone assessment for dementia and in a single free-recall 
trial of a 10-item word list. 
Results 
Cognitively healthy twins with demented co-twins (n = 101 pairs) recalled less words 
than cognitively healthy twins with cognitively healthy co-twins (n = 770 pairs) after 
adjusting for age, sex, and education, B = -0.44, 95% CI [-0.73, -0.14], P = .003. The 
effect size was similar in MZ (n = 31) twins (3.88 vs 4.29 words, B = -0.41, 95% CI [-
0.96, 0.13]) and DZ (n = 66) twins (3.70 vs 4.17 words, B = -0.47, 95% CI [-0.84, -0.10]). 
The heritability estimate of immediate recall (IR) was 0.37, 95% CI [0.21, 0.43].  
Conclusions 
The results demonstrate that familial risk for dementia is reflected in the IR performance 
of cognitively healthy older persons. The finding of poorer IR performance in non-
affected siblings compared to the general population, together with substantial 
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heritability of IR, supports IR as a useful endophenotype for molecular genetic studies of 
dementia. 
Keywords: Dementia, Memory and Learning Tests, Verbal Learning, Episodic Memory, 
Twin Study 
INTRODUCTION 
Impaired verbal learning and memory performance, which is commonly measured with 
word-list learning tests, is often the earliest clinical sign of Alzheimer’s disease (AD). 
Immediate and delayed recall of word lists have been identified as early predictors of 
all-cause or AD dementia.[1–5]. Previous research suggests that immediate recall (IR) 
scores may be the most sensitive indicator of risk in the earliest preclinical AD stages 
and delayed recall scores may be a better indicators in later stages.[1,6] Analysis of the 
serial position effect in immediate word-list recall may provide added sensitivity in 
identifying asymptomatic persons at risk for AD.[7] The serial position effect refers to the 
tendency to remember more items in the beginning (primacy) and end (recency) of a list 
than in the middle, thus producing the characteristic U-shaped serial position curve. 
Genetic factors have a significant role in verbal learning and memory and in age-related 
dementias, with particularly AD having a substantial heritability. APOE ε4 allele is the 
strongest genetic risk factor for decline in immediate and delayed verbal recall and AD, 
but other genes also affect the risk.[8,9] In addition to heritability estimates, studies of 
monozygotic (MZ) and dizygotic (DZ) twins can investigate the effect of familial risk of 
dementia on cognitive performance by controlling for unmeasured shared genetic (in 
MZ’s) and environmental (in DZ’s and MZ’s) influences. We studied a population-based 
sample of older Finnish twins who participated in a telephone interview of cognitive 
status including a word-list learning measure. We examined if the IR performance of 
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cognitively healthy twins with demented co-twins differs from cognitively healthy twins 
with cognitively healthy co-twins. We also estimated the heritability of immediate free 
recall of a single trial 10-item word list. 
METHODS 
Participants and study design  
The participants for telephone screening of cognition were recruited from the older 
Finnish Twin Cohort (FTC) study, consisting of same-sex twin pairs born prior to 1958. 
The FTC database is described in detail earlier.[10] In 1975 and 1981, the twins 
participated in a postal questionnaire data collection with high response rates of 89% 
and 84%, respectively. In 1999 - 2007, FTC twins aged ≥65 years and born before 1938 
were asked to participate in a telephone interview. The second wave of interviews was 
carried out during 2013 - 2017 for FTC twins aged ≥65 years and born in 1938 - 1944. 
The overall participation rate was 67% (4,403/6,572). Among the cohort of 6,572 twins, 
DNA-based zygosity was available for 1,542 twins, for others zygosity was determined 
with a validated questionnaire.[11] Three groups of twins were created from the 
population-based sample: cognitively healthy twins with demented co-twins, demented 
twins with cognitively healthy co-twins, and the cognitively healthy twins with cognitively 
healthy co-twins. A flowchart of the study design with the number of twins included in 
the analyses is shown in figure 1.  
The telephone interview protocol was approved by the Ethics Committee of the Hospital 
District of Southwest Finland and informed consent was obtained from participants. 
Questionnaire studies in 1975 and 1981 were approved by the National Board of Health 
and answering the questionnaire was considered as consent. 
Measures 
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The telephone interview included the telephone assessment for dementia (TELE)[12] 
and the Telephone Interview for Cognitive Status (TICS)[13]. Their validation in Finnish 
and detailed description can be found elsewhere [14]. The interviews were carried out 
by trained personnel with a medical background. Cognitive status was defined based on 
the TELE score (range 0 - 20.0), not on diagnostic criteria. We used Finnish TELE cut-
off scores for healthy cognition (> 17.5) and dementia (< 16.0).[14] As a measure for IR, 
we used the free recall of a 10-item word list in TICS. The primary measure was the 
total number of immediately recalled words after a single administration of the list. We 
also studied the number of words recalled according to the serial position: primacy (first 
three words) and recency (last three words). Education was based on the 1975 and 
1981 self-report questionnaire and included 8 categories. This information was 
transformed into years of education and used as a continuous variable. In case of 
differences between the 1975 and 1981 questionnaires, the higher level of education 
provided was chosen.  
Statistical analysis 
The statistical analyses were conducted using Stata version 14.2 (Stata Corp., College 
Station, TX). Two-tailed P-values < .05 indicated statistical significance. The primary 
research question was whether IR performance of cognitively healthy twins who had 
demented co-twins is different compared to cognitively healthy twins who had 
cognitively healthy co-twins. In the between family-analyses, we used linear regression 
to compare the total number of recalled words between the groups. In the within-family 
analyses, a linear conditional fixed effects regression model was used to examine 
differences in total scores. Ordered logistic regression was used for the analysis of the 
number of recalled primacy and recency words. All regression analyses were controlled 
for age, sex, and years of education. The twin structure of the data was considered in all 
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analyses by using robust standard errors adjusted for family relatedness.[15] In linear 
regression analyses, adjusted means and unstandardized coefficients with 95% CIs 
were reported. Assumptions of regression analyses were verified.  
MZ and DZ male and female twin correlations for IR performance were calculated using 
age-adjusted standardized residuals of total scores. Twin correlations were calculated 
with age- and sex-adjusted measures when including both men and women. In the twin 
design, it is possible to decompose the phenotypic variance into additive genetic (A), 
common environmental (C) and unique environmental (E) variances. The ACE model is 
based on the assumption that A effects correlate 1.0 in MZ twins because they are 
genetically identical at the sequence level, whereas the correlation is 0.5 in DZ twins 
who share (like siblings), on average, 50% of their segregating genes. C effects refer to 
all environmental influences that make twins within a pair similar and correlate 1.0 both 
in MZ and DZ pairs. E effects refer to all environmental influences that make twins 
within a pair different from each other and are thus uncorrelated. E effects also include 
measurement errors. We used a maximum likelihood based structural equation 
modeling approach to estimate the relative proportion of A (heritability), C and E 
effects.[16] We adjusted IR measure for age and sex and scores were standardized 
with a mean of 0 and SD of 1 before model fitting. 
RESULTS 
IR performance in the whole population-based cohort 
The 4,367 participants with complete data had a mean age of 74.1 years (SD = 4.1, 
range 65 - 97), mean education of 7.9 years (SD = 2.9, range: 5 - 16), and 48.6% were 
women. The participants were more often men (51% vs 43%) and slightly more 
educated (7.9 vs 7.2 years) but of similar age in comparison to non-participants. The 
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mean TELE score was 18.0 (SD = 2.2, interquartile rang (IQR): 17.0 - 19.5). The mean 
total score for the word list recall was 3.7 words (SD = 1.7, IQR: 3 - 5, with a normal 
distribution). The descriptive statistics of word list recall measures are presented in 
figure 2. Better word list recall was associated with higher education (Spearman’s rho = 
0.30, P < .001), lower age (Pearson’s r = -0.21, P < .001), and female sex (P < .001). 
Participants showed the usual U-shaped serial position curve that decreased overall as 
a function of decreasing cognitive status, decreasing education or increasing age (figure 
2).  
IR performance in cognitively concordant and discordant twin pairs 
Out of the 1,375 pairs, 110 pairs were discordant for dementia, 770 pairs were 
concordant for healthy cognition, and 39 pairs were concordant for dementia. Table 1 
shows the characteristics of twins in pairs discordant for dementia and in pairs 
concordant for healthy cognition. Twins in discordant pairs were on average slightly 
older and had less years of education than twins in cognitively healthy pairs.  
Table 1 Characteristics of cognitively discordant twin pairs and pairs concordant 
for healthy cognition 
 
Cognitively discordant pairs 
(n = 101) 
 
Cognitively healthy pairs 
(n = 770) 
 
Demented 
twins 
(n = 101) 
Cognitively 
healthy twins 
(n = 101) 
P value  
Cognitively 
healthy twins  
(n = 1540) 
P value 
Age, years 74.5 (4.4) 74.5 (4.4) .962  72.3 (2.9) <.001 
Education, years 7.0 (1.9) 7.6 (2.7) .018  8.7 (3.3) <.001 
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Sex [% female] 48.5 48.5   55.2 .191 
Zygosity      .010 
  Monozygotic [%] 31 31   43  
  Dizygotic [%] 65 65   56  
  Unknown [%] 4 4   1  
TELE 13.2 (2.2) 18.9 (0.7) <.001  19.1 (0.7) <.001 
Total IR score 2.7 (1.7) 3.5 (1.5) .001  4.3 (1.7) .003 
Primacy words 
[median, IQR] 
1 (0, 1) 1 (1, 2) <.001  2 (1, 2) .561 
Recency words 
[median, IQR) 
1 (0, 2) 1 (1, 2) .192  2 (1, 3) .157 
Abbreviations: TELE, Telephone assessment for dementia. IR, immediate recall.  
NOTE. Values are mean (SD) unless otherwise stated. The total IR score is the number 
of recalled words in a single free-recall trial of a 10-item word list. Cognitive status is 
defined based on telephone assessment of dementia (TELE) cut-off scores (dementia: 
TELE < 16; healthy cognition TELE > 17.5). 
 Statistical significance of the difference in age, education, and TELE between co-twins 
tested with paired t test. The difference in IR between co-twins tested with linear 
conditional fixed-effects regression.  
 Statistical significance of the difference between the cognitively healthy twin groups 
with two-sample t-test. Pearson’s chi-squared test used for categorical variables. 
The differences in IR between the cognitive healthy groups with linear regression and 
differences in primacy and recency words with ordered logistic regression, adjusted for 
age, education, and family relatedness.  
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Figure 3 and table 2 summarize the results of the differences in total scores between 
the three groups: cognitively healthy twins with demented co-twins, demented co-twins, 
and cognitively healthy twins with cognitively healthy co-twins. Cognitively healthy twins 
from discordant pairs had better IR than their demented co-twins, respectively 3.79 vs 
3.05 words, B = 0.74, 95% CI [0.29, 1.19], P = .001. Cognitively healthy twins with 
demented co-twins had poorer total scores than cognitively healthy twins with healthy 
co-twins after adjusting for age, sex, and education, respectively 3.79 vs 4.23 words, B 
= -0.44, 95% CI [-0.73, -0.14], P = .003. This difference with a Cohen's d of 0.3 
corresponded to a difference of about 6 years of age on IR performance or the 
difference between men and women. The difference in IR performance remained 
statistically significant after further adjusting for TELE score (P = .008). 
We did not detect a statistically significant difference specifically in primacy (B = -0.11, 
95% CI [-0.50, 0.27], P = .561) or recency words (B = -0.25, 95% CI [-0.59, 0.10], P = 
.157) between cognitively healthy twins with demented co-twins and cognitively healthy 
twins with healthy co-twins.   
Differences in total scores between cognitively healthy twins from cognitively discordant 
pairs and concordant pairs were also analyzed separately in MZ and DZ twins (31 
discordant and 328 concordant MZ pairs, 66 discordant and 432 concordant DZ pairs). 
The differences were of similar magnitude in both MZ and DZ twins (MZ: 3.88 vs 4.29, B 
= -0.41, 95% CI [-0.96, 0.13], P = .134; DZ: 3.70 vs 4.17, B = -0.47, 95% CI [-0.84, -
0.10], P = .012), but the coefficient was not statistically significant in MZ twins. 
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Table 2 Between-family analysis results of the differences in total scores between twins in cognitively discordant pairs 
and pairs concordant for healthy cognition 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All twinsa  MZs
b  DZs
c 
B 95% CI P  B 95% CI P  B 95% CI P 
Group            
  Cognitively healthy twins  
  with cognitively healthy co-twins 
Reference Reference Reference 
  Cognitively healthy twins  
  with demented co-twins 
-0.44 -0.73, -0.14 .003  -0.41 -0.96, 0.13 .134  -0.47 -0.84, -0.10 .012 
  Demented co-twins -1.18 -1.51, -0.84 <.001  -1.17 -1.78, -0.55 <.001  -1.16 -1.58, -0.74 <.001 
Sex            
  Male Reference   Reference    Reference  
  Female 0.49 0.33, 0.65 <.001  0.43 0.17, 0.68 .001  0.52 0.31, 0.73 <.001 
Age -0.07 -0.10, -0.05 <.001  -0.08 -0.11, -0.04 <.001  -0.07 -0.11, -0.03 <.001 
School years 0.13 0.10, 0.16 <.001  0.15 0.10, 0.19 <.001  0.12 0.09, 0.15 <.001 
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Abbreviations: B, unstandardized coefficient; MZ, monozygotic; DZ, dizygotic. 
a 101 discordant pairs and 770 pairs concordant for healthy cognition included.  
b Only MZs included (31 discordant and 328 pairs concordant for healthy cognition).  
c Only DZs included (66 discordant and 432 pairs concordant for healthy cognition).  
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Heritability of single free-recall trial of a 10-item word list 
Within-twin pair correlations of IR performance were higher in MZ twins compared to DZ 
twins (rMZ = 0.38, rDZ = 0.18). Correlations were similar when analyzing men and women 
separately (table 3). The univariate biometrical model yielded a heritability estimate of 
0.37, 95% CI [0.21, 0.43]. C effects were estimated at 0, 95% CI [0, 0.12] and E effects 
were 0.63, 95% CI [0.57, 0.69].  
 
Table 3 Within twin pair correlations of immediate recall (IR) performance in 533 
monozygotic (MZ) and 823 dizygotic (DZ) pairs 
 MZ  DZ 
 Men (n = 250)  Women (n = 283)  Men (n = 411)  Women (n = 412) 
 r 95% CI  r 95% CI  r 95% CI  r 95% CI 
IR score 0.39 0.28, 0.49  0.37 0.27, 0.47  0.19 0.09, 0.28  0.17 0.08, 0.26 
The number of pairs is shown in brackets. The IR score is the number of recalled words in 
a single free recall trial of a 10-word list. 
 
DISCUSSION 
We used a telephone interview to evaluate cognitive status and immediate free recall 
performance in a population-based sample of older twins that was highly representative of 
the older Finnish population. We first examined the recall performance of a 10-item word 
list and its association with demographic factors in the whole cohort. As expected, a lower 
IR performance was associated with lower cognitive status, older age, lower education, 
and male sex.  
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Our main interest was to examine whether increased risk for dementia would be reflected 
in the IR performance of cognitively healthy older twins who had a demented twin sibling. 
Twin studies have indicated that genetic effects account for about half of the variance for 
any dementia and even more for AD.[17] We also show genetic effects on IR performance 
in the present sample. In addition to MZ twin pairs sharing all their genes and DZ twins 
sharing on average 50% of their segregating genes, twins growing up in the same family 
share many environmental risk factors that may affect cognitive ability even late in life. 
The primary result was that cognitively healthy twins, who had a demented co-twin, 
showed poorer IR performance than healthy comparison subjects who were cognitively 
healthy twins, whose twin brother or sister was not demented. The analysis was controlled 
for age, sex, and education. The difference in total recall was subtle but statistically 
significant with a modest effect size. Our results indicate that poorer IR performance may 
be a leading indicator for increased risk for dementia in the presence of cognitively normal 
performance as indicated by a more general screening instrument. The 10-item word list 
was presented only once over the telephone and the test is difficult even for cognitively 
healthy older individuals. The commonly used word list learning tests, 16-item California 
Verbal Learning Test (CVLT), 15-item Rey Auditory Verbal Learning Test (AVLT), 10-item 
word list recall tests from CERAD and ADAS-Cog, measure IR performance as the total 
number of recalled words over three or five immediate free recall trials. It is possible that a 
larger effect size would have been detected in our study by using multiple trials of the 10-
item word list.  
The poorer IR performance in the cognitively healthy twins with demented co-twins was 
associated with familial (genetic and shared environmental) risk for dementia. We did not 
detect evidence that cognitively healthy MZ twins from discordant pairs would have poorer 
IR performance in relation to cognitively healthy DZ twins from discordant pairs. The effect 
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was similar in direction and in magnitude in analyses of both MZ and DZ twins. The 
sample size in MZ pairs was less than half of that in DZ twin pairs, and a larger number of 
discordant MZ pairs is needed for more definite conclusions.  
The cognitively discordant twin pairs may be underrepresented in the study sample 
because cognitively impaired individuals, especially the most severely impaired, may be 
more often not willing or able to participate in the study compared to cognitive healthy 
individuals. This may potentially bias the estimates of the effect. We assume that smaller 
number of identified cases would more likely, if anything, decrease our possibilities to 
detect a poorer recall performance in the cognitively healthy co-twins from discordant 
pairs. 
Serial position effects in word list recall may possibly be used to differentiate normal aging 
from pathological aging. Diminished primacy effect (i.e. remembering less words from the 
beginning of a word list) has been observed in AD and MCI and shown to improve 
discrimination between progressive and non-progressive MCI.[18] It is possible that serial 
position effects may also predict risk for dementia in cognitively healthy individuals. La Rue 
et al.[7] reported that asymptomatic middle-aged persons with a family history of AD have 
poorer primacy effect but no difference in the total immediate or delayed recall scores of 
AVLT, in comparison to individuals without a family history of AD. In our study, we did 
detect a poorer total immediate recall score but no significant difference specifically in the 
primacy performance in the cognitively healthy twins with demented co-twins compared to 
cognitively healthy twins with non-demented co-twins. The major difference between our 
study and the study by La Rue et al. is that we examined the IR performance of older 
people with increased familial risk for dementia not restricted to AD. In addition, we used a 
single-trial test and a shorter word list (10-item vs 15-item) that might be less sensitive for 
differences in recall according to serial position regions.  
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More than a third of the variance, 37%, of our IR measure was explained by genetic 
effects. This is in line with an earlier study reporting a heritability of 0.36 for word-list 
learning measure including multiple trials (CVLT) .[19] However, the first trial of the 16-item 
word list (CVLT) has been reported to show zero heritability indicating that a single-trial 
administration of a word list may not be reliable enough to show consistent heritability.[20] 
In our study, the 10-item word list was presented only once but still showed substantial 
heritability. The single trial of a shorter word list may be more reliable compared to a single 
presentation of a longer supraspan list (i.e., exceeding typical working memory capacity). 
Our results support poorer word list learning as an early marker of dementia risk. The 
weaker performance may reflect a vulnerability trait, a certain cognitive phenotype, that 
may increase the risk of developing dementia. It is also possible that the subtle alteration 
in IR is causally linked to the occurrence of underlying progressive brain pathologies, and 
thus may represent a preclinical sign of pathology. However, to make this inference further 
studies with longitudinal follow-up and information also on pathological markers are 
needed. Regional atrophy in lateral temporoparietal, posterior cingulate and precuneus, 
and frontal regions has been associated with the performance of the first immediate recall 
trial of AVLT and ADAS-Cog in mild AD patients.[21] Several of these brain regions, 
especially the precuneus and posterior cingulate, are associated with the default mode 
network and are affected very early during the AD process by high amyloid-beta burden, 
[22,23] and disrupted functional connectivity.[24] 
The major limitations of our study are related to the definition of dementia. We studied the 
effect of all-cause dementia risk on IR performance. The study design and assessment 
measures limited us from examining the effect by dementia subtypes. Most of the 
dementia cases are presumably due to AD.[25] AD has a long preclinical period and 
pathophysiological changes in the brain can begin even decades before the disease is 
Lindgren 16 
diagnosed.[26] Another important cause for cognitive impairment and dementia in the 
elderly is cerebrovascular disease including vascular dementia (VaD). VaD may also have 
a long preclinical period during which immediate free recall performance declines.[27] 
Vascular risk factors are major risk factors for both AD and VaD. AD-related and 
cerebrovascular pathologies also show considerable overlap. In fact, for elderly 
individuals, the presence of a single disease may rather be the exception because AD- 
and non-AD type pathologies coexist very frequently.[25,28] Hence, the assessment of 
dementia risk for any reason, not only disease-specific, in older adults may be valuable. 
The definition of dementia was done based on a validated instrument TELE that has 
adequate properties for the screening of dementia.[12,14] TELE scores have shown high 
correlation with the Mini-Mental State Examination and Clinical Dementia Rating Scale 
Sum of Boxes scores.[14] The telephone-based definition of dementia also identifies well 
those who report having difficulties in daily activities.[29] Nevertheless, a major limitation of 
our study is that the definition of dementia is not based on clinical diagnostic criteria but on 
the telephone assessment. False positive and negative findings are a concern when using 
any brief cognitive screening instrument and cut-off scores to detect dementia. The TELE 
cut-off score for dementia (< 16.0) provides the specificity of 100% and sensitivity of 77% 
for dementia based on an earlier case-control study.[14] In a population-based study, the 
cut-off score for dementia (<16.0) showed a lower specificity of 90%.[12] Consequently, it 
is likely that the demented twins in discordant pairs include false positive participants. Most 
false positive cases are likely cases that suffer from cognitive impairment and who 
subsequently develop dementia, but in some cases a low test score may be due to a 
mental disorder, impaired hearing, low education or low intelligence.[12] The possible 
inclusion of false positive cases may dilute the difference between cognitively healthy 
twins with demented co-twins and cognitively healthy twins with non-demented co-twins. 
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On the other hand, it is also possible that the risk of a false-positive result might be 
associated with common familial factors. The cut-off score for healthy cognition (> 17.5) 
has the sensitivity of 97% and specificity of 69%.[11] Thus, the twins who are defined as 
cognitively healthy in discordant and concordant pairs are likely to include very few 
demented individuals.  
The participants were inquired about their hearing problems and were asked to confirm 
that they were in a quiet place and had no external memory aids at the beginning of the 
interview. Nevertheless, the telephone interview is limited by the restricted control over 
external distractors. The advantages of the telephone-based assessment of cognition 
included low cost and easy accessibility. The overall strengths of our study are the large 
population-based sample and the unique dementia-discordant twin pair design. 
Our results support the use of IR as an endophenotype. Endophenotypes are defined as 
quantitative, subclinical traits that are associated with the illness, are heritable, are state 
independent, co-segregate with the illness within families, and are found in non-affected 
family members at a higher rate than in the general population.[30] IR impairment has a 
well-known association with dementia, especially with AD.[31,32] Our results support the 
finding that poorer IR performance is found at a higher rate in non-affected family 
members compared to the general population. An increasing number of genome-wide 
association studies are employing AD-related endophenotypes, such as cerebrospinal 
fluid, imaging, and neuropsychological traits.[33,34] Identifying genetic variants that are 
associated both with IR endophenotype and increased risk of age-related dementias such 
as AD may provide a useful approach to disentangle the mechanisms of risk genes.[34] 
Our results show that even a simple word list learning task administered by telephone may 
be useful in such studies. 
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In conclusion, we found that familial risk of cognitive impairment is reflected in the IR 
performance of older persons who are cognitively normal based on a general cognitive 
measure. Our study also demonstrates the possible utility of a telephone-administered 
word list learning task. 
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Figure 1 Flowchart of the study and number of twins included in the analyses. 
Cognitive status is defined based on the TELE cut-off scores (dementia: TELE < 16; 
healthy cognition TELE > 17.5). Abbreviations: MZ, monozygotic; DZ, dizygotic; XZ, 
unknown zygosity; TELE, telephone assessment for dementia. 
 
Figure 2 Episodic memory (EM) performance according to sex, cognitive status, and 
education among the 4,367 participants. The bars represent the mean number of 
immediately recalled words with +/- SD. The darker gray bars represent men, and the 
lighter gray women. A Word list recall according to sex and cognitive status. Cognitive 
status is defined based on a telephone assessment for dementia (cut-off score for 
dementia: TELE < 16; healthy cognition TELE > 17.5). B Proportion of correctly recalled 
words according to cognitive status and as a function of serial position. The triangles 
Lindgren 25 
represent the serial position curve of those cognitively healthy and the squares of those 
with dementia. C Immediate word list recall according to sex and education categories of 6 
years or less, 7-12 years, and 13 or more years of formal education. D Proportion of 
correctly recalled words according to education category and as a function of serial 
position. The squares represent the serial position curve of participants with 6 years or 
less of formal education, circles 7-12 years, and triangles 13 or more years.  
 
Figure 3 Episodic memory (EM) performance of twins in cognitively discordant pairs 
and cognitively healthy pairs. EM is measured with immediate free recall of a 10-word 
list. A Age, sex and education adjusted means of recalled words with 95% CIs for the 
demented twins, their cognitively healthy co-twins, and cognitively healthy twins with 
healthy co-twins. B Proportion of correctly recalled words as a function of serial position. 
Closed squares represent the group of demented twins, open circles the group of 
cognitively healthy twins with demented co-twins, and closed triangles the cognitively 
healthy twins with healthy co-twins. 
